INTRODUCTION
Auditory neuropathy is a relatively new diagnosis that has been investigated in recent years. Berlin 1 suggests the term auditory dys-synchrony as a more accurate definition of the disorder for some children. Whether called auditory neuropathy or auditory dys-synchrony, this new diagnosis has challenged parents and professionals as they try to identify appropriate treatment strategies.
The diagnosis is difficult for parents to understand. There may be more than one site of lesion that is causing the disorder 2 . The course of the condition is unpredictable.
For some the condition resolves, for some hearing thresholds fluctuate, and for others the condition gets worse 3, 4 . Pure tone thresholds indicate awareness of sound in the normal range to the profound range 5 . Speech recognition for children with auditory neuropathy/dys-synchrony may be poorer than expected, based on pure tone thresholds 4 . Hearing in noise is usually more challenging than hearing in quiet conditions 1 .
This article offers guidelines to be used by parents and professionals as they develop a treatment plan for each child. The goal of treatment for each child is the development of language. Language learning can be accomplished through a variety of methods, each one suitable for different children and for different families. The intervention/education team must obtain a profile of the child's skills in all developmental domains. Each child's unique profile needs to be considered in order to create an effective, individualized treatment plan. The intervention/education team should be composed of people who are familiar with the diagnosis and the implications of auditory neuropathy/dys-synchrony on a child's development.
AN ACTION PLAN
Helping parents during the diagnostic process. In order to confirm a diagnosis of auditory neuropathy, a specific audiologic test battery needs to be administered 4 .
This can take more time than the diagnosis of a child with sensory or conductive hearing loss. One reason for the extended diagnostic process is that some audiologists do not have the equipment to perform the complete battery of tests and, consequently, need to refer to another audiologic clinic to complete the test battery.
Second, many audiologists do not have experience making the diagnosis of auditory neuropathy. If this is the situation, the audiologist may refer the child to another clinic for a second opinion. While this practice is appropriate, it often requires more time for the diagnosis to be made. And, during this process, parents often experience strong emotions and heightened concern.
It is reasonable to assure the family that the diagnostic process takes time.
Families benefit by knowing what to expect and the reasons for the procedures that are scheduled. Ensure language development. It takes some time to determine the impact of auditory neuropathy on a child. But one thing is paramount and that is facilitating the development of the child's language. The rate at which the child learns language and the mode through which language learning takes place need to be carefully monitored.
For most families, the goal is for their child to develop the language spoken in the home. The development of literacy skills is dependent on having full access to the spoken language. For the majority of children with auditory neuropathy, input to the auditory system and processing of auditory stimuli are compromised 2 . This presents an obstacle to learning spoken English through audition. English can be learned, however,
using visual communication methods that represent the English language including
English-based sign, Cued Speech, and speechreading.
We know that some children eventually process auditory information. Some The use of sign language has been popular 16 . More than 50% of the children in one sample 1 are using sign language as a method to learn language. It is strongly recommended that children using sign language use an English-based system.
Manually Coded English (MCE), Pidgin Signed English (PSE), and Conceptually
Accurate Signed English (CASE) are examples of English-based sign systems. Each of these sign systems can be paired with spoken English. It is important to pair signs with spoken English if the family wants to support speech development in the future. In order to be prepared to learn spoken English, it is important that the child have a foundation in the English language.
Only if a family chooses to immerse their child in Deaf culture would the use of American Sign Language (ASL) be recommended. If a child were to learn ASL, the child would be learning the rules and grammar of a language that is very different from English. ASL does not incorporate spoken English.
While auditory-verbal therapy has been successful for many children with sensory hearing loss, it has been ineffective for children with auditory neuropathy (C. Berlin, personal communication, January 28, 2002) . This approach depends exclusively on the use of audition to learn language. In that the auditory system is not working well for children with auditory neuropathy, the auditory-verbal approach has proven ineffective.
If a child with auditory neuropathy is successfully implanted, the use of auditory verbal therapy can be reconsidered (C. Berlin, personal communication, January 28, 2002).
Auditory Training. The therapist can expect to observe auditory behaviors that are different from both hearing children and from deaf and hard of hearing children. An auditory training hierarchy 20, 21, 22, 23, 24 should be used to quantify how a child listens, to identify the conditions when the child hears, and to document variability in the child's auditory behavior. An auditory hierarchy also is useful to determine if the child follows a typical hierarchy of auditory skill development or, more typical for children with auditory neuropathy, to define the unique characteristics of that child's auditory profile.
An auditory training program needs to be used if and when the child starts to demonstrate the ability to listen to and process auditory stimuli. When a child can use audition to learn language, the auditory training program is useful to identify discrete goals for therapy and to monitor success. If a child has a trial with amplification, functional auditory skills should be reevaluated in light of the new listening opportunity.
A traditional, structured auditory training program should also be used when a child receives a cochlear implant. One can expect the implanted child's auditory skill development to resemble that of children with sensory hearing loss 15 .
Use of amplification. The use of amplification with children with auditory neuropathy has been questioned and debated. We do know that children with auditory neuropathy do not benefit from hearing aids in the same way as children with sensory hearing loss. Rance et al 25 showed that approximately 50% of affected children benefited from amplification. In another sample 7 , 50% of the children tried amplification. Of this group only 17% received benefit, according to subjective ratings made by the child's parents. It is significant to note that the amount of benefit they experienced was not sufficient to support auditory learning of language.
There are two questions to consider when determining if a child is benefiting from amplification. One is if the child hears more sound. The more important question is if the child's speech and language are benefiting. Berlin 3 reports that hearing aids simply do not work the way the audiogram predicts. While some children enjoy hearing more sound, if they are not able to process auditory stimuli to develop speech and language, the use of the hearing aids must be questioned. All too often, the sounds a child hears become louder with amplification but the integrity of the signal does not improve.
Ultimately, hearing aids are considered to be useful when they improve the child's auditory discrimination of speech. Some parents want to try hearing aids because it is a tangible attempt to remedy the condition. While it is important to acknowledge this benefit to parents, amplification can be justified only when it helps the child to hear sound more clearly and, consequently, to communicate more effectively.
When hearing aids are used, there are some precautions to consider. According to Hood 2 , the aids should be fit conservatively, with a low maximum power output. This is important so the outer hair cells are not exposed to loud noise that could damage them.
The fitting is often done by trial and error 26 . An audiologist should monitor cochlear function using otoacoustic emissions. There is documentation that some patients with auditory neuropathy may experience poorer speech perception in background noise 27, 28 . To accommodate this, the audiologist may consider the use of directional microphones or personal FM systems to improve the signal-to-noise ratio 16 .
It is important to conduct an evaluation of the functional benefit a child receives from amplification. This evaluation is conducted by observing the child in daily routines, in the sound suite, and in therapy. There are many good auditory training materials available for this purpose 20, 21, 24 .
Cochlear implantation. The primary reason to implant a child with auditory neuropathy is to improve the auditory and speech skills of that child. This is accomplished by providing a good auditory signal to the auditory nerve in the implanted ear. Determining candidacy for a cochlear implant for a child with auditory neuropathy requires some special considerations. The implant candidacy team is responsible for taking a cautious approach in determining candidacy while trying to determine the underlying etiology of a child's auditory neuropathy. First, sufficient time must be allowed to know if the child will recover and/or receive sufficient benefit from auditory stimulation to develop speech and language without the implant. Furthermore, candidacy cannot be determined, as it is for children with sensory hearing loss, based on pure tone hearing levels. Rather, the determining factor in sound field testing is the auditory discrimination abilities of the child 30 . Auditory discrimination should be tested in two modes, using auditory cues alone and pairing speechreading and auditory cues. Lastly, the cause of the disorder needs to be investigated to determine if the auditory nerve is intact and able to interpret auditory information. Perhaps those succeeding with a cochlear implant are the children for whom the site of lesion resides in the cochlea or the transmission of information from the cochlea to the auditory nerve 31, 32 . Conversely, if the probable cause of the disorder is a true neuropathy of the auditory nerve, more likely when other peripheral neuropathies are present 31 , then a child would not be a good candidate for a cochlear implant.
Keep in mind that learning language is the goal for all children. When a child receives an implant, the treatment plan should consider the language level of the child and the methods that have been used to help that child acquire language before implantation. If a child is using a visual form of communication before implantation, it is strongly recommended that this approach continue to be used as the child acquires auditory and speech skills. If a child was successfully learning language before implantation, this language, whether it was acquired through Cued Speech, sign language, or speechreading, will facilitate the acquisition of spoken language using audition.
CREATING A FUNCTIONAL DEVELOPMENTAL PROFILE
Areas to assess. The first person working with the child with auditory neuropathy is the audiologist who diagnoses the condition. The audiologist might want to immediately contact a representative of the early intervention system for children under three years of age or the educator in the local school district for children over three years of age. Upon entry into the intervention/education system, there is a need to obtain a baseline of the child's skills, to identify strengths, and to identify the developmental areas that have been challenged by the disorder.
Just as the audiologist is responsible for documenting the audiologic profile of the child, the therapy program is accountable for monitoring developmental progress.
Because children with auditory neuropathy present a varied profile of auditory, speech and language development, the individual profiling of each child's development is essential. Ongoing assessment provides information about the progress a child is making. The expectation is for a child to make developmental gains at a rate that is commensurate with that child's cognitive growth. The development of language, irrespective of the communication mode that is being used, should occur at the same rate as the child's cognitive development. Ongoing developmental assessment provides assurance that the therapeutic program is appropriate, and provides an opportunity to review the communication method that is being used 33 .
Assessment Procedures.
There is a variety of procedures that can be used to collect information. The parents and other caregivers can report on the child's development 34 , direct observation of the child provides data, and observation of the child's interaction with a parent is another method. In addition, videotaped interaction can be analyzed, or a professional can administer specific assessments to the child.
Assessment is a collaborative process and depends on input from the professionals involved in diagnosing the condition, professionals responsible for the re/habilitation, and the parents.
Assessment should be multidisciplinary, gleaning information from a variety of developmental domains. An interdisciplinary approach to assessment employs several professionals who work cooperatively and systematically to obtain information. When using this approach, professionals discuss the diagnosis and generate treatment recommendations that reflect some degree of group consensus 35 . The transdisciplinary approach more fully integrates the roles of team members from a variety of disciplines.
The Family Assessment of Multi-disciplinary Interactional Learning for the Young Child 11 is one model of assessment that can be used for children up to three years of age. It was designed specifically for children with hearing loss and currently is being Speech skills. Since children with auditory neuropathy usually do not hear a clear and intact speech signal, speech production is consequently affected. It is important to monitor the child's vocalizations, the sounds a child makes before learning first words.
The number of utterances a child makes and the quality of these utterances provide important information. An inventory of specific phonemes, including vowels and consonants, can be collected. When a child starts to use real words, the intelligibility of these words should be analyzed. This can be a subjective rating of speech intelligibility 38 or an objective measure of the accuracy with which the child's words match the target words. Use of computer programs 39 are helpful to measure the percentage of vowels and consonants that accurately match the words the child produces. While the intervention program needs to be individualized for each child, there are some general considerations that apply to most children with auditory neuropathy.
Mode of communication.
Intervention should be competency-based. Using this paradigm, the interventionist identifies the strengths exhibited in the child's developmental profile and identifies strategies to address delays. Next, a visual approach to language learning must be considered. A visual approach should be selected for any child who is unable to understand auditory information. Last, auditory skill development most likely will be compromised. Therefore, a careful evaluation of a child's functional auditory skills needs to be performed on a regular basis.
For children under three years of age, the Part C system of IDEA 6 requires each family to have an Individualized Family Service Plan. An Individual Education Plan is developed for children three years of age and older. This plan is created as a team.
This provides an opportunity for team members to collaboratively identify strengths, to monitor a child's progress, and to adapt treatment as needed.
Parent & Family Involvement. Parents have the ultimate responsibility for treatment decisions. But, in order to make informed decisions, they need information.
Parents need to learn to observe their child. The therapy/education program can provide assistance to parents so they can learn what they need to observe. Children under three years of age are eligible for services from Part C. The Part C system, by statute, supports family-focused intervention.
An excellent source of support is available to parents from an electronic listserve that has been operating for several years 42 . This list serve was organized by a parent of a child with auditory neuropathy.
CONCLUSION
When a child is diagnosed with auditory neuropathy, parents are confronted with a scenario that most parents fear. Their child has a disorder with an unpredictable course. The disorder manifests in a unique way for each child affected. While researchers are working diligently to identify the site of lesion causing the disorder, this work is still evolving. Parents report feelings of helplessness and are often dissatisfied when they encounter professionals who are, themselves, just learning about the disorder. There are established criteria for diagnosis and treatment of children with sensory and conductive hearing loss. Conversely, families of children with auditory neuropathy often encounter more questions than answers.
It is to be hoped that, in the future, intervention and education for children with auditory neuropathy will be more prescriptive. At this time, however, professionals have the responsibility to work as a team. They have a responsibility to identify the developmental profile of each child in an effort to identify the appropriate intervention strategies. And, as professionals, we have a responsibility to remain committed to the method or methodology that works for each child.
